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ABSTRACT Modern human femoral features might have appeared in the early Middle
Stone Age (156 ka to 20 ka) in South Africa, as demonstrated by the recent re-examination of
a human femur fossil found at the Blind River Site, East London in the 1930s, if new dating
results hold. Two optically stimulated luminescence dates from the relocated original Blind
River shallow marine/estuarine deposits that contained the femur gave almost identical ages
of ~120 ka, corresponding to the early part of the Last Interglacial (Oxygen Isotope Stage 5).
Overall, the slender headless femur is of modern human form. The distal epiphysis bears
some typical squatting features, including a newly recognized squatting facet on the anterior
wall of the intercondylar fossa. With the typical V-shaped and oblique fracture pattern left by
the missing head, the Blind River femur was most likely modified through human activity.
But this style is not a cultural trait found in recent South African people. Further study is
needed to place this specimen in its due context in the course of human evolution.
KEY WORDS: femur, squatting facet, Middle Stone Age
A left human femur without the proxi-
mal end was reported to have been found
by P.W. Laidler in East London during
his survey on prehistoric deposits at
Blind River, East London, South Africa
(Fig. 1). This femur was presented to the
Department of Anatomy at the Univer-
sity of the Witwatersrand (now known
as the School of Anatomical Sciences),
given the catalogue number A. 1101,
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and described by L.H. Wells (WELLS
1935). It has seldom been referred to
since then, save that one of us (PVT)
included it under “East London” among
the South African entries in the pione-
ering Catalogue des Hommes Fossiles
(VALLOIS and MOVIUS 1952). It was
not, however, included among the
South African entries (i.e., TOBIAS
et al. 1977) in either the first or second
editions of the Catalogue of Fossil
Hominids published by the British
Museum (Natural History) owing to the
editors’ stipulation of different criteria
for the inclusion of specimens of
uncertain antiquity (OAKLEY et al.
1977).
In this paper, we present the dating re-
sults of the layer containing the human
Fig. 1. The human femur found at the Blind
River Site (A.1101).
Fig. 2. Locality of the Blind River Mouth Site.
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remains and stone artifacts, and re-
examine its morphology and breakage
patterns, with the aim of eliciting new
knowledge of its significance in human
evolution in light of its new chronology.
The morphology of the femur is briefly
reviewed with special emphasis on the
squatting features. A suggested explana-
tion for the breakage pattern of the femur
through possible modification by human
activity is provided.
OSL dating of the Blind River
Site
The area of the Blind River where the
femur was found was revisited in 2001
by one of us (DLR) based on the de-
scriptions provided by LAIDLER (1933)
and WELLS (1935). The stratigraphic
unit which enclosed the femur is re-
stricted to a ~40 m stretch along the
southern bank of the Blind River, about
150 m from the river mouth (Fig. 2).
The lower part of the succession is well
exposed as a result of a recent landslide
in the river bank (Fig. 3), and the upper
part lies above a concrete walkway
adjacent to the river. The latter part of
the succession is more weathered, but
sufficient fresh material was found to
enable determination of the lithology.
Two basic stratigraphic units, in a
lower marine succession overlain by
eolian (windblown) deposits, can be
identified (Figs. 3, 4). The marine unit
forms part of the Quaternary Salnova
Formation of the Algoa Group (LE
ROUX 1991).
 Optical Stimulated Luminescence
(OSL) dating (AITKEN 1998) was ap-
plied to sedimentary quartz grains ex-
tracted from two samples (Sample 1
and Sample 2) of beach/estuarine sedi-
ments at Blind River (Fig. 4). The sam-
ples were taken below the femur hori-
zon since it was not possible to insert a
sample tube into the gravelly sediments
above. Care was taken to avoid biotur-
bated and unhomogenous heavy min-
eral-rich zones. Briefly, the De values
obtained were 85.3 ± 2.8 Gy (Sample
1) and 85.8 ± 2.6 Gy (Sample 2), and
an additional uncertainty of 2% associ-
ated with laboratory beta-source cali-
bration was included for purposes of
age calculation. The internal dose rate
due to alpha particles was assumed to
be 0.03 ± 0.01 Gy/ka, based on previ-
ous measurements of South African
quartz grains (JACOBS et al. 2003). The
external beta and gamma dose rates were
estimated from the concentrations of
Fig. 3. The lower marine succession at Blind
River, just below the marine gravel. Upper arrow
points to the horizon in which the femur was
found, middle arrow to in situ stone artefact and
lower arrow to a rounded cobble.
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Fig. 4a. The stratigraphic succession at the Blind River. Optical dating was applied to sedimentary
quartz grains extracted from two samples of estuarine sediments.
Fig. 4b. Oxygen isotope data from Shackleton and Pisias (1985). The isotope data is a proxy for
global sea levels and the approximate sea level scale is from Shackleton (2000). The measured OSL
ages of two samples and their relationship to global sea level is shown.
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uranium, thorium and potassium in dried
and powdered samples and the conver-
sion factors of ADAMIEC and AITKEN
(1998); corrections were made for grain
size, HF etching and long-term moisture
content (AITKEN 1985). The moisture
contents assumed in the calculations
were based on the measured field mois-
ture contents of the samples. The ura-
nium (1.42 ± 0.12 µg/g for Sample 1 and
1.20 ± 0.10 µg/g for Sample 2) and tho-
rium (2.0 ± 0.38 µg/g for Sample 1 and
2.01 ± 0.31 µg/g for Sample 2) contents
were deduced from thick-source alpha
counting, while the potassium contents
(0.17 ± 0.1% for Sample 1 and 0.22 ±
0.01% for Sample 2) were obtained by
X-ray fluorescence spectrometry. The
resulting beta dose rates were 0.33 ± 0.02
Gy/ka (for both Sample 1 and Sample 2)
and the gamma dose rates were 0.28 ±
0.02 Gy/ka (Sample 1) and 0.27 ± 0.02
Gy/ka (Sample 2). Cosmic-ray dose rates
of 0.07 ± 0.03 Gy/ka (Sample 1) and 0.09
± 0.03 Gy/ka (Sample 2) were estimated
from overburden thickness (PRESCOTT
and HUTTON 1994). The total dose rates
obtained for the two samples were 0.72 ±
0.05 Gy/ka (Sample 1) and 0.73 ± 0.04
Gy/ka (Sample 2). Dividing the central
age model estimates of De for these two
samples by the corresponding total dose
rates gave age estimates of 119 ± 9 ka
and 118 ± 7 ka for samples Sample 1 and
Sample 2, respectively with a weighted
mean age of 118 ± 6 ka.
The OSL dating, which corresponds to
Marine Isotope Stage 5e (MIS 5e) (Last
Interglacial Period), is strongly supported
by the presence of marine/estuarine de-
posits at up to ~10m above present mean
sea level at Blind River (the femur hori-
zon is about 8m above present mean sea
level). Most sea level curves show
maximum MIS 5e transgression at ~125-
120 ka (SHACKLETON and PISIAS 1985,
SHACKLETON 2000) and that shown in
Figure 4b is at the younger end of this
range at ~120 ka. The measured OSL
ages of samples 1 and 2 are slightly
younger than this range at 119 ± 9 ka and
118 ± 7 ka respectively, whereas being
situated below the transgressive maxi-
mum marked by the top of the marine
gravel at ~ +10 m amsl (Fig. 4a) the
samples should be slightly older (i.e.,
>120 ka according to the sea level curve
in Fig. 4b). However, taking into account
the error bars for the dates, they can
easily be accommodated into the MIS 5e
sea level scenario and their interpreted
age from their elevation in relation to
MIS 5e sea level is indicated in Figure
4b. The femur horizon is ~2 m below the
transgressive maximum (Fig. 4a) but is
above that of samples 1 & 2. Its age
should therefore lie between these values
and is estimated at ~122 ka. However,
the possible ages of the femur horizon are
estimated at ~127-122 ka, because of the
published temporal range of MIS 5e
transgressive maxima being ~125-120
ka. There is no evidence of a significant
sedimentary hiatus within the marine
succession; even the upward transition
into the gravel bed is gradual. The dating
results therefore fall within the age range
of the MSA which extends from
~152/156 ka to 25-20 ka (MITCHELL
2000). In this study, the highest OSL
sample was more than a meter below the
location of the femur; thus the femur was
younger than the measured sample ages,
but just how much younger was unclear.
Future work will be directed to collecting
samples from above the level where the
femur was found to obtain narrower
bracketing ages.
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Morphology of the Blind River
femur
Nearly the whole diaphysis or shaft is
preserved (Fig. 1). The anterior, lateral,
and medial surfaces are smooth, with no
sign of significant abrasion. The anterior
aspect of the remaining part of the upper
third of the shaft is convex from medial
to lateral, the lateral margin flaring out
into a lateral flange. The medial border is
rounded in the hypotrochanteric region
but becomes rather angular distally. An-
terior to the pilaster, a definite concavity
forms a sulcus along the pilaster. The
pilaster is well-developed though not
prominent, with moderate linea aspera
superimposed on it. The lateral lip is
more prominent and extensive than the
medial lip. Between lateral and medial
lips, several roughened lines extend lon-
gitudinally, corresponding to the sites of
muscle attachment. Thus, the Blind River
femur has a cross-sectional morphology
in the midshaft similar to an average
modern human femur: a triangle with
flattened apex directed posteriorly, flan-
ked by two concave surfaces, in contrast
to that in Asian and African H. erectus
(e.g., Zhoukoudian, WT 15000) (WEI-
DENREICH 1941, DAY 1971, KENNEDY
1983a, WALKER and LEAKEY 1993), and
early Homo in Dmanisi (D4167) (LORD-
KIPANIDZE et al. 2007) (Table 1).
The pilastric index is 104.4 (Table 2),
within the range of modern human varia-
tion. The development of a high pilaster
in the human is analogous to the forma-
tion of the sagittal crest in great apes,
reflecting the need of the extensors and
adductors for larger and more pronoun-
ced areas of attachment (WEIDENREICH
1941). According to TRINKAUS (1993),
only recent humans have a pilastric index
less than 100, but no ancient humans
have an index exceeding 100. However,
it is not a rigid delineation, as some ear-
lier human forms such as H. erectus, H.
heidelbergensis and the Neanderthals
have pilastric index values greater than
Table 1. Character states of the Blind River femur, other early Homo and modern humans
Blind
River WT 15000
Zhou-
koudian Dmanisi ER 1481A
Modern
humans
Development of  Pilaster Moderate Weak Weak Weak Weak Weak tostrong
Convexity of the medial
border of the shaft No Yes Yes Yes Yes Majority no
Narrow medullary canal No No Yes Yes No
Pronounced Subtrochan-
teric platymyria No No Yes No
Anteroposterior bowing
of the shaft Low Low Low Low Low
Low to
moderate
Position of the minimum
shaft breadth
Mid
shaft
Distal
shaft
Distal
shaft
Distal
shaft
Distal
shaft
Distal to
midshaft
Robusticity of the shaft Slender Slender Robust Robust Robust Slender torobust
Note: The information was summarized from Weidenreich (1941), Kennedy (1983a,b), Day et al. (1975), McHenry
and Corruccini (1978), Walker and Leakey (1993), Wang et al. (2005), and Ruff (2008). The Blind River femur
exhibits an array of characters that group it with modern humans, while “WT15000 appears more derived in seve-
ral features”, as observed by Lordkipanidze et al. (2007), which might be related to its young age at death.
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100, while many recent and modern hu-
mans have values less than 100. Besides,
from Middle Pleistocene H. erectus and
H. heidelbergensis to Neanderthals, early
H. sapiens, and modern humans, there is
trend of increasing pilastric development,
followed by one of decreasing deve-
lopment, the trend apparently reflecting
changes in lifestyle and economic pat-
tern. The surviving high pilaster in San
people (99.5-133.5, KENNEDY 1983a), as
in early H. sapiens, such as Liujiang
(119.5, WOO 1959) and Upper Cave
(125.6, WEIDENREICH 1941), is owing in
large measure to their machine-free and
strenuous lifestyle. Thus the developmen-
tal trend of the pilaster could reflect pat-
terns of biomechanical stress in human
evolution in general as well as the indivi-
dual lifestyle of its possessor in particular.
The subtrochanteric area in the Blind
River femur displays a low platymeria,
79.2, which is in the range of variation in
modern humans with an average value
around 82 (LUNDY 1983). This value is
higher than those of H. erectus at Zho-
ukoudian with a range of 67.6-68.1
(WEIDENREICH 1941) and 74.4 in the
Berg Aukas femur of archaic H. sapiens
(measured from CT-section in GRINE et
al. 1995), yet lower than that of WT
15000 (95.2). According to WEIDEN-
REICH (1941), pronounced platymeria of
the subtrochanteric region is due to the
fairly prominent crista medialis and crista
lateralis. Such flatness may appear simi-
larly developed also in modern man
(CAMERON 1934, WEIDENREICH 1941).
The minimum breadth is located at the
midshaft region (WANG et al. 2005),
while in H. erectus and other ancient
Homo species it is distally placed
(WEIDENREICH 1941, DAY 1971, WAL-
KER and LEAKEY 1993, LORDKIPANIDZE
et al. 2007). Compared to ancient and
modern humans, the Blind River femur
has a relatively slender shaft based on
two indices (Table 2). First, the diaphy-
sial robusticity index is 17.8, revealing a
slender shaft compared with mean South
African Black values (male, 19.2) and
Khoi-San values (male, 19.8, female,
18.9) (GALLOWAY 1959), but it is close
to values for Australian Aborigines and
another group of Khoi-San, 17.3 and 17.8
respectively (MCCOWN and KEITH,
1939). Second, the ratio of midshaft bre-
adth (M-L) to femoral length in the Blind
River femur is 5.48%, indicating a slen-
der femur compared to the South African
modern Black femora, 6.07% (male) and
5.85% (female) (LUNDY 1983), and early
Homo such as WT 15000 (5.63%) and
D4167 from Dmanisi (5.75%) (LORD-
KIPANIDZE et al. 2007). The general
slenderness of the bone indicated that it
might belong to a female individual.
Though the shaft is slender, the medulla-
ry cavity in the Blind River femur is
relatively wide. About 10 mm below the
assumed starting point of the base of the
lesser trochanter, the medullary cavity
occupies about 66.5% (A-P) and 60.3%
(M-L) of the shaft dimensions. In con-
trast, the medullary cavity is relatively
narrow in archaic H. sapiens, e.g., 37.9%
(A-P) and 30.8% (M-L) at the subtro-
chanteric level of the Berge Aukas femur
and the H. erectus femur, respectively
(Table 2). However, the juvenile WT
15000 has relatively high values, 60.0%
(A-P) and 55.4% (M-L) (calculations are
based on measurements from cross sec-
tion photographs of WT-15000 in RUFF
2008). The relative breadth of medullary
cavity at the subtrochanteric level and
the level of midshaft may be different
(ERICKSEN 1979), but it is unlikely that
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any such difference would alter the large
contrast between the H. erectus values
and those of the Blind River femur.
The distal end is well preserved, save
for a flake missing from the medial con-
dyle. The patellar or trochlear surface is
well defined, relatively deep, with well
elevated margins; the lateral is distinctly
higher than the medial, as in modern
human femora. The popliteal surface is
so well preserved that fine details are
detectable. There is a shallow and well-
defined concavity in the popliteal surface
just above the condylar region. The lo-
west part is pitted with small nutrient
foramina. There is a marked impression
area in the place of anterior cruciate li-
gament attachment that is either a “patho-
typic” phenomenon or a “physiotypic”
feature such as a squatting facet.
The physiological length of the Blind
River femur is estimated to be 459.7 mm
(Table 3, Fig. 5). This estimate is higher
than TOBIAS’S and NETSCHER’S (1977)
mean physiological length of 451.3 mm
in 258 Black South African males inclu-
ding Xhosa (calculated from their sepa-
rated values of three time-spaced gro-
ups). It is longer than the femur of the
juvenile H. erectus WT 15000 (429 mm),
yet shorter than the estimated adult
length 508-534 mm of WT 15000 (RUFF
and WALKER, 1993). Using the height
formula generated by LUNDY (1983)
from modern South African populations,
the owner of this femur would be around
1647.7 mm in height. These estimates are
slightly higher than the mean values for
South African black populations obtained
by FELDESMAN and LUNDY (1988) (male
mean 162.93 cm, female mean 154.12
cm), the mean femoral physiological
length values being 447.7 mm in males
and 423.3 mm in females. No age cor-
rection factor could be applied here, since
we have no idea of the age at death. It
Table 3. Estimates of physiological length [in mm] of Blind River Femur based on relative index values
for physiological and subtrochanteric heights in femora from two modern human populations
in the Dart Collection
N Mean Range S.D.
Estimate of
physiological
length
95% interval
Physiological length 467.6 420-503 65.7
Sub-T. length 356.9 314-392 49.6EuropeanMale
Ratio  (%)
44
76.3 72.4-78.8 1.4 463.8 461.3-466.3
Physiological length 432.1 370-475 57.5
Sub-T. length 333.6 283-368 43.1EuropeanFemale
Ratio  (%)
52
77.2 74.0-80.7 1.3 458.5 456.4-460.7
Physiological length 451.1 405-496 57.5
Sub-T. length 341.8 306-389 43.3Xhosa Male
Ratio  (%)
55
76.9 73.3-79.3 1.2 460.2 458.3-462.2
Xhosa Female Physiological length 421.3 381-479 54.7
Sub-T. length 326.7 293-381 42.3
Ratio  (%)
53
77.5 74.8-80.1 1.3 456.7 454.6-458.8
Grand Mean Ratio 204 77.0 72.4-86.7 1.4 459.7 458.5-460.7
Note: Length unit: [mm]. Femora of the left and right sides from the same individuals were included to embrace
intra-individual variation. In the Blind River femur, the subtrochanteric height was 354 mm, and the physiological
length was estimated to be 459.7 mm.
Q. Wang et al.52
obviously belongs to an adult individual.
To judge by the slenderness of this fe-
mur, if it was of a male, it was a rather
gracile individual. This led us to follow
Wells’s opinion and infer that it was
more likely to have been a female indivi-
dual. WELLS (1935) states, “No confident
opinion regarding the sex of the speci-
men can be expressed. The general slen-
derness and slight muscular development
of the bone suggest, however, that it is
more probably female than male.”
The principal component analysis
(PCA) (Minitab 14.1) of four shape indi-
cators (robusticity, minimum shaft bre-
adth level, pilastic index, and epicondylar
index) provides further information on the
overall shape of the Blind River femur
(Fig. 6). In the four-variable analysis, the
first two components account for 77.3%
of the total variance. The first component
(41.3%) is mainly related to the level of
the minimum breadth of the shaft, which
groups the Blind River Femur and mo-
dern humans. The second component
(36.0%) has negative loadings on all
variables, and is mainly related to the rest
of three indexes, indicating that Blind
River femur has the least slender shaft in
this sample group. In summary, both the
shaft and the distal end of the Blind River
femur displays no unusual features such
as that would distinguish it from modern
human femora, as WELLS (1935) stated.
Fig. 5. The femoral physiological length was estimated from subtrochanteric height. The subtrochanteric
height is the distance from the distal position of the base of the lesser trochanter to the bicondylar plane.
The head of the Blind River femur was missing just at the level below the lesser trochanter with the
subtrochanteric height of 354 mm. The physiological length of the Blind River femur was estimated to be
459.7 mm (Table 4).
Fig. 6. Four-variable principal component analysis
(robusticity, minimum shaft breadth level, pilastic
index, and epicondylar index) of Blind River, other
early Homo and modern humans. PC1(41.3%) is related
to the level of the minimum shaft breadth and groups
Blind River and modern humans together. PC2(36.0%)
is related the rest of three indicators of femoral
robusticity and indicates that Blind River femur is very
slender.
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Squatting traits
Numerous studies have recorded bone
surface morphology and shape variation
linked to habitual squatting positions
(MARTIN 1932, TRINKAUS 1975, KENNE-
DY 1989, BOULLE, 2001a,b). As WELLS
(1935) briefly noted, the Blind River
femur shows some of Martin’s criteria
for squatting in people pursuing primitive
or strenuous life styles (MARTIN 1932).
Here we detail these traits.
  [1] MARTIN (1932) points out that if
one assumes the squatting posture and
stands up again repeatedly, the patella is
made to slide backwards and forwards in
the groove to a much great extent than in
motions of sitting down and standing up.
Thus the patellar groove would be deeper
in the former case. In this specimen, the
patellar groove is 13 mm deep. The ratio
of groove depth to the femoral estimated
total length is 1.26/45, exceeding the
value of 1/45 established by MARTIN
(1932) for the values of most modern
Irish people, which are less than 1/45,
and even less than 1/60. In groups inclu-
ding Australian Aboriginals, San, and
other populations practising subsistence
economies, values are usually more than
1/45 (MARTIN 1932), and such is the case
in the Blind River femur.
[2] Another Martin criterion is that the
trochlear surface of the lateral condyle
extends on to its lateral aspect. In the
Blind River femur, the overflow area
extends about 35 mm around the antero-
posterior curvature. The extratrochlear
surface suits the need of a greater range of
movement in squatting and standing up.
[3] A relatively deep intercondylar fossa
is another criterion demanded by the knee
in hyperflexion while the posterior parts of
the condyles are rested on the tibia. This
depth is taken on a femur with its two
condyles and the great trochanter resting
on the same plane. In this case, as we
could not read the depth directly, we ap-
plied a 5˚ angle between the femoral ante-
rior surface and the resting plane. Accor-
ding to Thane, cited by CAMERON (1934),
in the upright position, the axis of the
frontal plane of the body and the axis of
the anterior surface of the femur form a 5˚
angle. With the femur in this position, we
read the depth of the intercondylar fossa
and the height of the articular surface, the
latter being measured from the impression
of the medial semilunar cartilage to the
resting plane. The values obtained are 16
mm and 44 mm, respectively. Thus the
intercondylar fossa occupies over 1/2.75
of the articular surface height, between
1/2.7 and 1/2.8. Most values in modern
humans (Irish) are between 1/3.2 and
1/3.6; and less than 1/3.2 in populations
practising less advanced economic activi-
ties (MARTIN 1932), which is in line with
femora bearing squatting traits and with
the Blind River femur.
 [4] One feature usually observed in a
squatter’s femur is that the auricular sur-
face is continuous posterosuperiorly to
the popliteal surface, which makes room
for accommodation of the posterosupe-
rior margin of the tibia while the knee is
hyperflexed. In the Blind River femur,
this proximal extension is present in the
medial condyle, but not in the lateral one.
[5] In the Blind River femur, the poste-
rior intercondylar line is slightly convex
upwards, the convexity rising above the
level of the upper limits of the condyles
and being very slightly grooved in its
medial part. This groove is for accom-
modating the tightly stretched posterior
cruciate ligament while the knee is in
hyperflexion, as in squatting.
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In addition to these five criteria, we pro-
pose one more possible squatting-related
feature. As mentioned in the morphology
section, there is a smooth-surfaced, quad-
rilateral facet, 7 mm by 14 mm in size, in
the normal position of the femoral at-
tachment of the anterior cruciate ligament
(Fig. 7). WELLS (1935) mentioned its
presence, but did not relate it to squatting.
We checked this region in the Dart Colle-
cion. Several femora show a very similar
facet (e.g., Xhosa female A552). We offer
two possible explanations.
First, it is close to or part of the at-
tachment area of the anterior cruciate
ligament, but it might have been modi-
fied due to some developmental, functio-
nal or pathological process. However,
there are no available data on this issue.
Secondly, we suggest that it also is rela-
ted to habitual squatting posture. In hy-
perflexion, the femur and tibia form an
acute angle, being stabilized by the ad-
ductor muscles, while the posterior cru-
ciate ligament tightly locks the knee. In
this extreme position, the posterior cru-
ciate ligament will be pressed against the
anterior wall of the intercondylar fossa,
which usually leaves a smooth groove-
like impression, as in the Blind River
femur. We might reasonably argue that,
in the extreme and twisted position, the
posterior cruciate ligament, together with
the lateral semilunar cartilage, will be
pressed not only against the anterior wall
of the intercondylar fossa, but also aga-
inst its lateral wall, just covering the ante-
rior cruciate ligament. If this contact
happens frequently and over a lengthy
period, a facet such as this would be pro-
duced. If this argument holds, the eleva-
tion in question should be viewed as a
squatting trait of marked degree, and it
should be added to the family of squat-
ting traits along with those on the tibia,
talus and femur. However, further inve-
stigation of femurs from some popula-
tions, such as modern hunter-gatherers, is
needed to confirm this point.
  Moreover, the shaft was straight for
the most part, with only very slight ante-
rior bowing of the middle part. Wells
reported a Pearson and Bell bowing in-
dex 1.78 for the Blind River shaft
(WELLS 1935), indicating a mechanical
environment of low bending forces. The
anterior femoral curvature is related to
mobility from a biomechanical stand-
point. It is said that, with the apparent
decrease in mobility after the last glacial
maximum (ca. 18,000 B.P.), there is a
decrease in anterior femoral curvature
that is continued with urbanism and in-
creasing industrialization (SHACKEL-
FORD and TRINKAUS 2002). The evolu-
tion of human femur is closely related to
the biomechanical stress and locomotor
patterns (MCHENRY and CORRUCCINI
1978; LOVEJOY et al. 2002; RUFF 2008, in
press). The effects of a low bowing shaft
on the squatting behavior require further
study using mechanical modeling, though
the loss of femoral head has prevented a
similar study in biomechanics as on the
Maka Femur (LOVEJOY et al. 2002).
Fig. 7. The distal end of the Blind River femur
(posterior view). There is a smooth-surfaced,
quadrilateral facet (circled by arrows), 7 mm by
14 mm in size, in the normal position of the
femoral attachment of the anterior cruciate
ligament.
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Breakage and fracture - evidence
for human modification
The upper end of the femur is miss-
ing, the breach being along an irregular
line just below the lesser trochanter
(Fig. 8). From the breakage, two cracks
run distally, one roughly along the mid-
line on the anterior surface for around
60 mm, the other on the posterior sur-
face, just medial to the gluteal ridge,
extending for about 35 mm. They do
not significantly change the shape and
size of this region.
The completeness of the shaft and dis-
tal part, while missing the proximal part,
affords an excellent opportunity to ex-
amine the breakage pattern and to further
explore the possible cultural traits associ-
ated with the population represented by
this femur. Breakage patterns of both
animal and human long bones have long
been the subject of intensive research,
especially carnivore and hammer stone
fracturing of fresh bone (e.g., DART
1957, BINFORD 1981, BRAIN 1981,
MORLAN 1984, JOHNSON 1985, LYMAN
1987, BLUMENSHINE 1988, VILLA and
MAHIEU 1991, BARTRAM and MARREAN
1999, PICKERING et al. 2004). Based on
these findings, we take a closer look at
the Blind River femur.
The bone breakage surfaces on the
Blind River femur are unweathered, une-
roded, and have sharp fracture edges.
“This fracture evidently occurred while
Fig. 8. The breakage of the Blind River femur. A: in the supero-anterior view, both outer and inner
outlines of the breakage are rugged, in-between there are oblique fracture scars. B: V-shaped and
U-shaped fracture line and the oblique fracture scars in four views.
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the bone was still in the fresh state”
(WELLS 1935), a view with which we
concur. The outline of breakage is rugged
(Fig. 8). The breakage surface shows an
intriguing pattern. All five primary and
secondary fracture scars are V-shaped,
except the posterior one, which is U sha-
ped. The fracture scars on the cortex in
the wall show a typical oblique fracture
pattern. The angles are acute, at around
40-50˚, as commonly associated with in
vivo green bone fractures (MORLAN 1984,
JOHNSON 1985, VILLA and MAHIEU
1991). Right angles are said to be prefe-
rentially associated with dry or premine-
ralization bone fractures.
Carnivore gnawing could be excluded
by a total absence of tooth marks. Thus
other natural forces or human activity
should be considered. There are no clear
cut-marks either, but the fact that it was
“modelled” from various surfaces, with
at least 4-5 strokes, and with three ob-
lique outer angles, and two inner angles,
makes it reasonable to argue that natural
forces, such as pressure or falling sto-
nes, with a single direction of force,
could not have made such a breakage
with various force-receiving directions.
Only a force with human involvement
can be reasonable.
 The femur does not appear to have
been broken merely for the extracting of
marrow; if it were, to totally smash it
would be more practical. It might have
been deliberately shaped for some other
practical or ritual purpose. It was proba-
bly modified deliberately to remove the
head, just distal to the lesser trochanter.
The modified bone, with sharp end,
would have been suitable for use as a
tool or weapon, or a digging tool. Ho-
wever, no sign of its having been used in
these ways could be judged by naked
eye. Or it might have served as an or-
nament, or a symbolic totem bone. Even
though we cannot determine the purpose
for which the bone was broken, we are
inclined to conclude that the Blind River
femur was broken and fashioned by
human hands. However, further analysis
(such as using SEM imaging technique)
and comparative work (e.g., to fashion a
breakage in a similar pattern) are needed
here to bring out the pattern and true
meanings of this modification.
Discussion
 The Blind River femur was discovered
in 1933, yet is seldom if ever quoted in
literature, despite the rarity and impor-
tance of such fossilized human remains
with regard to human origins. This omis-
sion is a consequence of its hitherto un-
certain chronology and provenance, the
first of which has fortunately now been
resolved through OSL dating, corrobo-
rated by stratigraphic correlation with an
exceedingly well documented orbitally
driven glacio-eustatic sea level highstand
(MIS 5e). However, its exact geological
age could possibly be further refined
using a different dating method.
Regarding provenance, the discovery
of the femur was made during the earlier
20th Century when photographic records
were the exception rather than the rule.
The description and interpretation of the
stratigraphy, sedimentology, and archae-
ology of the Blind River succession ren-
dered by Laidler were both competent
and accurate. Furthermore, our discovery
of in situ bone in the Blind River suc-
cession witnesses both the geochemical
capacity of this sedimentary setting to
preserve bone and its actual presence in
the Blind River succession. However,
Human femur from Blind River Site 57
many possible sources of error could be
involved in handling historic discoveries
like the Blind River femur. More meti-
culous studies on the femur and the Blind
River site are needed to further confirm
the provenance of this femur and to refi-
ne the dating results. The history of the
bone prior to its incarceration in the mar-
ginal marine deposits is indeed uncertain
in some respects.
However, it was reasonable to argue
that: [1] The bioturbation in the estuarine
sediments had no relevance to the issue
of provenance. As noted above, the bio-
turbation was localized and took the form
of small burrows of the ichnogenus
Ophiomorpha, considered to be made by
the small crustacean Calianassa sp (sand
prawn). Such minor faunal activity could
not have moved the femur in either a
vertical or horizontal sense. [2] The bone
could not have been exposed above
ground for very long prior to its burial or
it would have undergone the usual de-
composition by various agencies (bio-
logical, weathering, etc.). [3] The femur
underwent minimal transport in the ma-
rine setting prior to its burial as it had
suffered no noticeable abrasion in what
would have been a highly abrasive envi-
ronment. We noted in particular that the
broken surfaces are sharp and unabrai-
ded, and the most likely scenario is that
the bone (which we believe was modified
by human activity) was left on the beach
by a human and rapidly buried by marine
sedimentation. Artifacts are found in Last
Interglacial beach deposits in the imme-
diate vicinity of the Bind River site
(DEACON 1966, JACOBS and ROBERTS in
press), as well as in the Blind River de-
posits themselves as seen by us and
LAIDLER (1933). This may relate to the
availability of cobbles for raw materials
for lithics and food gathering activities.
This would also explain the absence of
other human skeletal remains.
The Blind River femur, so far as it is
preserved, does not reveal any essential
or even trivial differences from those of
modern humans. Based on its modern
features and its geographical setting, we
have the remarkable occurrence of an
essentially modern femoral morphology
and signs of human modified human
bones, as early as the Last Interglacial. It
is interesting to note that the Blind River
femur might come from a slender indivi-
dual considerably predating the Klasies
River Mouth people, possibly the earliest
African population (WOLPOFF 1996), but
it is not of a person of small stature. Does
this slender femur belong to a population
similar to that from Klasies River Mouth,
represented by a gracile mandible? Or,
what are their links to later modern hu-
man forms represented by Hofmeyr
skulls dated 36k years B.P. (GRINE et al.
2007)? All these questions wait for more
morphological and phylogenetic analysis.
Further biomechanical and cultural study
on the Blind River femur is likely to yield
insights into behavioral and social aspects
of human evolution in southern Africa.
The principal purpose of this re-exami-
nation in morphology and geochronology
is to bring this long-forgotten specimen
out of obscurity. Further work in com-
parative anatomy, (i.e., comparison to
H. erectus, H. heidelbergensis, and early
H. sapiens such as Omo I), behavior, bio-
mechanics, geochronology, and cultural
context (i.e., comparison to that of the
Lower Omo Valley Kibish Formation;
SHEA 2008) of the Blind River femur are
needed to bring the relevance of this spe-
cimen to the study of human evolution in
Africa amongst all its uncertainties.
Q. Wang et al.58
Conclusions
The age of the geological horizon con-
taining the Blind River femur was esti-
mated from OSL dating (further refined
by reference to global sea level curves) to
be around 118ka, slightly older than
MIS5e transgressive maxima. Regarding
morphology, our conclusions are not at
variance with those of WELLS (1935).
However, in spite of its cultural associa-
tion and probable antiquity, the human
femur found in the Blind River Site is
fundamentally modern in morphology
and most of its features are compatible
with those of the recent South African
Black or big-bodied Khoi-San popula-
tions. Most importantly, these findings
underpin the concept of the essential
modernity of Last Interglacial hominins.
The Blind River femur belongs to a ha-
bitual squatter and was most likely modi-
fied through human activity. The pro-
posed human modification of the speci-
men is, however, not a cultural trait
found in recent South African people.
However, further work in anatomy, beha-
vior, biomechanics, geochronology, cul-
tural context of the Blind River femur are
needed to accord this specimen its due
place in the course of human evolution.
Acknowledgements
The authors are grateful to the School
of Anatomical Sciences, University of
the Witwatersrand, National Research
Foundation in Pretoria, University Rese-
arch Committee of the University of the
Witwatersrand, the PAST fund, Division
of the Basic Medical Sciences, Mercer
University School of Medicine, and the
South African power utility Eskom for
their financial and other support. The
luminescence dating was sponsored by
the South African power utility Eskom.
We thank Dr Ron Clarke for valuable
discussion, Mr. Peter Montja for making
the cast, Mr. Peter Faugust for photogra-
phy, late Mrs. Heather White for unstin-
ting assistance, and Ms. Carolyn Gilbert
and Mr. Yogi Patel for assistance and
editing the manuscript. We are grateful to
Professor Ann Wintle, Dr Helen Roberts,
Dr Peter Armitage, Professor Lyn Wad-
ley, Dr Stephan Woodborne, Dr Daniel
Hagan, Mrs. Melanie Wilder, Mrs. Erne-
stine Waters, Mrs. Li Sun, and Mr. Kevin
Cole for help of various kinds. Last but
not least, we are grateful to the editor –
Dr Katarzyna A. Kaszycka and the re-
viewers for providing valuable comments
and help in improving this paper.
References
ADAMIEC G., M.J. AITKEN, 1998, Dose-rate
conversion factors: update, Ancient TL, 16,
37-49
AITKEN M.J., 1985, Thermoluminescence Dating,
Academic Press, London
AITKEN, M.J., 1998, An Introduction to Optical
Dating, Oxford University Press, Oxford
BARTRAM L.E., C.W. MARREAN, 1999, Explaining
the Klasies Pattern: Kua Ethoarchaeology, the
Die Kelders Middle Stone Age Archaeofauna,
Long Bone Fragmentation and Carnivore Rava-
ging, J. Archaeol. Sci., 26, 9-29
BINFORD L.R., 1981, Bones: Ancient Men and
Modern Myths, Academic Press, Orlando
BLUMENSHINE R.J., 1988, An Experimental Model
of the Timing of Hominid and Carnivore Influ-
ence on Archaeological Bone Assemblages,
J. Archaeol. Sci., 15, 483-502
BRAIN C.K., 1981, The hunters or the hunted?
– An introduction to African Cave Taphono-
my, University of Chicago Press, Chicago &
London
BOULLE E.-L., 2001a, Evolution of two human
skeletal markers of the squatting position:
A diachronic study from antiquity to the modern
age, Am. J. Phys. Anthropol, 115, 50-56
Human femur from Blind River Site 59
BOULLE E.-L., 2001b, Osteological features asso-
ciated with ankle hyperdorsiflexion, Int. J. Osteo-
archaeol., 11, 345-349
CAMERON J., 1934, The skeleton of British Neoli-
thic man, Williams & Norgate, London
DART R.A., 1957, The osteodontokeratic culture of
Australopithecus prometheus. Transvaal Mu-
seum Memoirs, No. 10, Pretoria
DAY M.H., 1971, Postcranial remains of Homo
erectus from bed IV, Olduvai Gorge, Tanzania,
Nature, 232, 383-387
DAY M.H., R.E.F. LEAKEY, A.C. WALKER,
B.A. WOOD, 1975, New hominids from East
Rudolf, Kenya, I, Am. J. Phys. Anthropol., 42,
461-475
DEACON H.J., 1966, The dating of the Nahoon
footprints, S. Afr. J. Sci., 62, 111-113
ERICKSEN M.F., 1979, Aging changes in the me-
dullary cavity of the proximal femur in Ameri-
can Blacks and Whites, Am. J. Phys. Anthropol.,
51, 563-569
FELDESMAN M.R., J.K. LUNDY, 1988, Stature
estimates for some African Plio-Pleistocene fos-
sil hominids, J. Hum. Evol., 17, 583-596
GALLOWAY A., 1959, The skeletal remains of
Bambandyanalo, Witwatersrand University
Press, Johannesburg
GRINE F.E., W.L. JUNGERS, P.V. TOBIAS, O.M.
PEARSON, 1995, Fossil Homo femur from Berg
Aukas, Northern Namibia, Am. J. Phys. Anthro-
pol., 97, 151-185
GRINE F.E., R.M. BAILEY, K. HARVATI,
R.P. NATHAN, A.G. MORRIS, G.M. HENDER-
SON, I. RIBOT, A.W.G. PIKE, 2007, Late Pleisto-
cene Human Skull from Hofmeyr, South Africa,
and Modern Human Origins, Science, 315,
226-229
JACOBS Z., D.L. ROBERTS, in press, Last Intergla-
cial Age for aeolian and marine deposits and the
Nahoon Fossil Human Footprints, Southeast
Coast of South Africa, Quaternary Geochrono-
logy
JACOBS Z., A.G. WINTLE, G.A.T. DULLER, 2003,
Optical dating of dune sand from Blombos
Cave, South Africa: I - multiple grain data,
J. Hum. Evol., 44, 599-612
JOHNSON, E., 1985, Current developments in bone
technology, [in] Advances in Archaeological
Method and Theory, M.B. Schiffer (ed.), vol. 8,
Academic Press, New York, pp. 157-235
KENNEDY, G.E., 1983a, Some aspects of femoral
morphology in Homo erectus, J. Hum. Evol., 12,
587-616
KENNEDY, G.E., 1983b, A morphometric and
taxonomic assessment of a hominine femur from
the lower member, Koobi Fora, Lake Turkana,
Am. J. Phys. Anthropol., 61, 429-436
KENNEDY, K., 1989, Skeletal markers of occupa-
tional stress, [in:] Reconstruction of life from the
skeleton, M.Y. Iscan & K.A.R. Kennedy (eds.),
Alan R. Liss, New York, pp. 129-160
LAIDLER P.W., 1933, Dating evidence concerning
the Middle Stone ages and a Capsio-Wilton
culture, in the South-East Cape, S. Afr. J. Sci.,
30, 530-542
LE ROUX F.G., 1991, Lithostratigraphy of the
Salnova Formation (Algoa Group), South Afri-
can Committee for Stratigraphy Lithostratigra-
phic Series 11, Geological Survey of South
Africa, Pretoria
LORDKIPANIDZE D., T. JASHASHVILI, A. VEKUA,
M.S. PONCE DE LEON, C.P. ZOLLIKOFER,
G.P. RIGHTMIRE, H. PONTZER, R. FERRING,
O. OMS, M. TAPPEN, M. BUKHSIANIDZE,
J. AGUSTI, R. KAHLKE, G. KILADZE, B. MARTI-
NEZ-NAVARRO, A. MOUSKHELISHVILI, M. NIO-
RADZE, L. ROOK, 2007, Postcranial evidence
from early Homo from Dmanisi, Georgia, Na-
ture, 449, 305-310
LOVEJOY C.O., R.S. MEINDL, J.C. OHMAN,
K.G. HEIPLE, T.D. WHITE, 2002, The Maka fe-
mur and its bearing on the antiquity of human
walking: Applying contemporary concepts of
morphogenesis to the human fossil record,
Am. J. Phys. Anthropol., 119, 97-133
LUNDY J.K.,1983, Skeletal aspects of metrical
and morphological infracranial skeletal varia-
tion in the South African Negro, Ph.D. Disser-
tation, University of the Witwatersrand, Johan-
nesburg
LYMAN R.L., 1987, Archaeofaunas and Butchery
Studies: A Taphonomic Perspective, [in:]
Advances in Archaeological Method and
Theory, M.B. Schiffer (ed.), vol. 10, Academic
Press, New York, pp. 249-337
MARTIN C.P., 1932, Some variations in the lower
end of the femur which are especially relevant
in the bones of primitive people, J. Anat., 29,
371-383
MCCOWN T.D., A. KEITH, 1939, The stone age of
Mount Carmel: the fossil human remains from
the Levalloiso-Mousterian, vol. 2, Oxford,
Claredon Press
MCHENRY H.M., R.S. CORRUCCINI, 1978. The
femur in early human evolution, Am. J. Phys.
Anthropol., 49, 473-488
Q. Wang et al.60
MITCHELL P.J., 2000, The Quaternary archae-
ological record in Southern Africa, [in:] The
Cenozoic of South Africa, T.C. Partridge &
R.R. Maud (eds.), Oxford University Press,
New York, pp. 356-370
MORLAN R.E., 1984, Toward the definition of
criteria for the recognition of artificial bone
alterations, Quaternary Res., 22, 160-171
OAKLEY K., B. CAMPBELL, T. MOLLESON, 1977,
Catalogue of Fossil Hominids: Part I Africa,
British Museum (Natural History), London
PEARSON O.M., D.F. ROYER, F.E. GRINE,
J.G. FLEAGLE, 2008, A description of the Omo
I postcranial skeleton, including newly discove-
red fossils, J. Hum. Evol., 55, 421-437
PICKERING T.R., M. DOMÍNGUEZ-RODRIGO, C.P.
EGELAND, C.K. BRAIN, 2004, The contribution
of limb bone fracture patterns to reconstructing
early hominid behaviour at Swartkrans cave
(South Africa): Archaeological application of
a new analytical method, Int. J. Osteoarchaeol,
15, 247-260
PRESCOTT J.R., J.T. HUTTON, 1994, Cosmic ray
contributions to dose rates for luminescence
and ESR dating: large depths and long-term
time variations, Radiation Measurements, 23,
497-500
RUFF C.B., 2008, Femoral/humeral strength in
early African Homo erectus, J. Hum. Evol. 54,
383-390
RUFF C.B., In press, Relative limb strength and
locomotion in Homo habilis, Am. J. Phys.
Anthropol.
RUFF C.B., A. WALKER, 1993, Body size and body
shape, [in:] The Nariokotome Homo erectus
Skeleton, A. Walker & R. Leakey (eds), Harvard
University Press, pp. 234–265
SHACKELFORD L.L., E. TRINKAUS, 2002, Late
Pleistocene human femoral diaphyseal curvatu-
re, Am. J. Phys. Anthropol., 118, 359-370
SHACKLETON N.J., 2000, The 100,000-Year ice-age
cycle identified and found to lag temperature,
carbon dioxide and orbital eccentricity, Science,
289, 1897-1901
SHACKLETON N.J., N.G. PISIAS, 1985, Atmospheric
carbon dioxide, orbital forcing, and climate,
[in:] The Carbon cycle and atmospheric CO2:
Natural variations Archean to present, E.T.
Sundquist & W.S. Broeker (eds.), Geophysical
Monograph, 32, 412-417
SHEA J.J., 2008, The Middle Stone Age archae-
ology of the Lower Omo Valley Kibish Forma-
tion: Excavations, lithic assemblages, and infer-
red patterns of early Homo sapiens behavior,
J. Hum. Evol., 55, 448-485
TOBIAS P.V., K. COPLEY, C.K. BRAIN, 1977, South
Africa. [in:] Catalogue of Fossil Hominids, Part
I: Africa, 2nd edition, K.P. Oakley, B.G. Cam-
pbell & T.I. Molleson (eds.), British Museum
(Natural History), London, pp. 95-151
TOBIAS P.V., D. NETSCHER, 1977, Reversal of the
usual secular trend, as evidenced by South Afri-
can Negro crania and femora, Sonderabdruck
aus Mitteilungen der Anthropologischen Gesell-
schaft in Wien, 103, 233-239
TRINKAUS E., 1975, Squatting among the Nean-
derthals: a problem in the behavioural inter-
pretation of skeletal morphology, J. Archaeol.
Sci., 2, 327-351
TRINKAUS E., 1993, A note on the KNM-ER 999
hominid femur, J. Hum. Evol., 24, 493-504
VALLOIS H.V., H.L. MOVIUS, 1952, Catalogue des
hommes fossiles, INQUA
VILLA P., E. MAHIEU, 1991, Breakage patterns of
human long bones, J. Hum. Evol., 21, 27-48
WALKER A., R. LEAKEY, 1993. The postcranial
bones, [in:] The Nariokotome Homo erectus
Skeleton, A. Walker & R. Leakey (eds), Harvard
University Press, pp. 95-160
WANG Q., L. SUN, P.V. TOBIAS, 2005, Position of
minimum shaft breadth in modern human femo-
ra, Przeglad Anthropologiczny – Anthropologi-
cal Review, 68, 77-82
WEIDENREICH F., 1941, The extremity bones of
Sinanthropus pekinensis, Palaeontologia Sinica,
New Series D, No. 5
WELLS L.H., 1935, A fossilized human femur
from East London, C.P., S. Afr. J. Sci., 32,
596-600
WOLPOFF M., 1996, Human Evolution 1996-1997
Edition, McGraw Hill, New York
WOO J.K., 1959, Human fossils found in Liu-
kiang, Kwangsi, China, Vertebrata PalAsiatica,
3, 109-118
Human femur from Blind River Site 61
Streszczenie
Kość udowa z Blind River została odkryta w East London (Afryka Południowa) w 1933 r.,
pozostawała jednak niezauważona w literaturze, mimo, że znaleziska takich sfosylizowanych
kości zdarzają się rzadko, a ich znaczenie dla badań pochodzenia człowieka jest duże. Przyczy-
ną tego było niepewne datowanie znaleziska, przeszkodę tę jednak ostatnio udało się pokonać
dzięki zastosowaniu metody stymulowanej optycznie luminescencji (OSL). Datowanie OSL
estuaryjnych osadów, z których pochodzi kość, wskazuje na wiek około 120 tys. lat, co odpo-
wiada początkowej fazie ostatniego interglacjału.
Kość udowa z Blind River, w stanie, w jakim się zachowała, nie wskazuje żadnych, nawet
drobnych różnic w stosunku do dzisiejszego człowieka. Jej nowoczesne cechy i lokalizacja
geograficzna potwierdzają związek nowoczesnych populacji ludzkich z południową Afryką.
Omawiana kość ma bardzo smukły trzon. Jest ona pozbawiona głowy, a jej dalsza nasada wy-
kazuje typowe dla nawykowego kucania cechy, w tym pogłębiony dół dla rzepki i głęboki dół
międzykłykciowy. Trzon kości jest przełamany, a powierzchnia przełomu jest niezerodowana
i ma ostre krawędzie. Brzeg złamania wykazuje cechy charakterystyczne dla złamania świeżej
kości i nosi ślady modyfikacji na skutek działania człowieka. Modyfikacja ta jednak nie przy-
pomina jakichkolwiek znanych kulturowych zabiegów dokonywanych przez ludy Afryki połu-
dniowej. Jeśli zaakceptujemy wiek geologiczny kości z Blind River, mamy do czynienia
z zasadniczo nowoczesną kością ze śladami modyfikacji dokonanych ludzką ręką już w cza-
sach ostatniego interglacjału lub środkowej epoki kamiennej (MSA), tj. 156-20 tys. lat temu.
